Intermolt to premolt males of Hemigrapsus takanoi were exposed to salinities of 0, 10, 20 (control), 30, and 40 ppt. After 2, 4, and 6 h of exposure, oxygen consumption and ammonia excretion were measured. Hemolymph osmolality was measured at the end of 8 h. No mortalities were observed until hemolymph sampling. Hemolymph osmolality was maintained between 570 to 840 mmol/kg. Oxygen consumption increased significantly only at 0 ppt, compared to the control (20 ppt). Ammonia excretion levels showed a remarkable increase at 0 ppt. These results indicate that this species expends increased metabolic effort to tolerate abrupt salinity changes to freshwater compared to brackish or seawater.
INTRODUCTION
Hemigrapsus takanoi Asakura and Watanabe, 2005 , a common intertidal crab in Japan, was recently described as a new species having a sibling relationship to Hemigrapsus penicillatus De Haan, 1835 (Asakura and Watanabe, 2005) . Prior to the recognition of H. takanoi from within H. penicillatus sensu lato, it was well known that the latter showed high rates of propagation in Germany, Netherlands, Belgium, France, and Spain. According to Asakura (2006) , the species found in Europe may possibly be H. takanoi. Thus, this species has been considered to be an invasive species in Europe in recent years. Otani (2004) discussed that hull fouling and ballast water are the principal media of entry of invasive marine organisms. It has already been confirmed in some species that adults can migrate by ship away from their natural habitats. If even one pair of prolific animals releases eggs or larvae, this may be sufficient to form a new population in a new habitat (Lewis, 2001) .
Salinity is one of the most critical environmental variables determining the survival ability in aquatic organisms (Anger, 1995; Signoret and Brailovsky, 2004) . In the case of invasion by ship, organisms are often exposed to abrupt salinity changes, and need to adapt to new salinity conditions as environmental salinity is often higher in the ocean compared to that in the port. The aim of this study was therefore, to investigate the salinity tolerance of adults in this species in order to better understand its ecological characteristics in context of its possible status as an invasive species in Europe. In this preliminary study, oxygen consumption, ammonia excretion, and hemolymph osmolality were measured because of their importance as indicators of the general physiological state of crustaceans facing stressful osmotic environments (Chen and Chen, 1997; Lignot et al., 2000) .
MATERIALS AND METHODS

Collection and Acclimation of Experimental Animals
Male Hemigrapsus takanoi were collected from Oi-wharf, Central Seaside Park, on the inner side of Tokyo Bay, where salinity fluctuates from 20 to 30 ppt, during low tide from January to February in 2007. Carapace width of the specimens was 26.6 6 1.7 (SD) mm, and weight was 8.38 6 1.38 g. Crabs were stocked in the laboratory with artificial seawater until use in experiments. All seawater dilutions used throughout this study were prepared with de-chlorinated city tap water and artificial seawater salt (SEA LIFE; Marine Tech, Japan).
Before all determinations, animals for each experiment were reared in 5 L artificial seawater for 3 days with 4 crabs placed in 38.1326.0316.0 cm plastic tanks. Three crabs for each determination were used after this phase. During this acclimation, temperature was set to 258C, and salinity was kept at 20 ppt. Animals received dry feed pellets (protein, 47%; fat, 5%; ash, 17%; fiber, 3%; moisture, 10%; Kyorin, Hyogo, Japan) at 0 h and 24 h after acclimation was started. Feeding was continued until satiation. Water quality was maintained by replacing 50% of the rearing water daily.
Determination of Oxygen Consumption and Ammonia Excretion
After acclimation, three crabs were stocked individually into 490 mL airtight chambers ( Fig. 1 ) filled with water at salinities of 0, 10, 20 (control), 30, or 40 ppt. The three chambers were part of an experimental apparatus that also included a reference chamber. Water was kept at about 258C and was allowed to flow through the chambers at a rate of 1.5 L/h in order to maintain the dissolved oxygen level above 3.0 mg/L. Oxygen consumption and ammonia-N excretion were measured after 2, 4, and 6 h following transfer to the chambers. Oxygen consumption was determined using the Azide-Winkler titration method with some modifications according to Anonymous (1978) . Manganous sulfate reagent was prepared with MnSO 4 Á4H 2 O (120 g), H 2 SO 4 (1 mL), and distilled water (250 mL). Alkaline iodate solution was prepared with NaOH (90 g), KI (25 g), NaN 3 (5 g), and distilled water (250 mL). After water sampling from the apparatus, 1 mL of manganous sulfate reagent and 1 mL of alkaline iodate solution were added to each water sample (100 mL) to precipitate dissolved oxygen. Ammonia-N excretion determination followed the methods of Reardon et al. (1966) . Respiratory and excretory rates were determined on the basis of differences between the respiratory and reference chambers as follows (Cech, 1990) .
Measurement of Hemolymph Osmolality
Samples of rearing water and hemolymph were taken 8 hours after exposure to each experimental salinity. Hemolymph was taken directly from the body cavity using a heparinized syringe with a fine needle. The serum was extracted by centrifugation at 900 G for 20 min at 48C. The osmotic concentration of serum was measured from a 10 lL sample using a vapor pressure osmometer (Wescor 5500, Wescor, Logan, UT, USA).
Statistical Analysis
Statistical methods were selected by the homoscedasticity of variance examined by the Brown-Forsythe test. The significance of variation in oxygen consumption, ammonia excretion, and hemolymph osmolality among the different exposure times and salinities was examined by twoway analysis of variance (ANOVA) or the Friedman test. The differences between the means were compared using the Tukey HSD method or Scheffe's method. Statistical significance was assumed at P , 0.05. Linear regression analysis of hemolymph osmolality as a function of medium osmolality was performed according to Ferraris et al. (1987) , and the isosmotic point was estimated. The difference between hemolymph and external osmolality (D OP ) was also calculated in order to estimate the osmotic capacity of the crabs (Lignot et al., 2000) . RESULTS Survival rate of the crabs during all phases of this study was 100%. Differing salinities produced significant effects both on oxygen consumption (Brown-Forsythe test; P . 0.05; ANOVA; F ¼ 7.16; P , 0.001) and ammonia excretion (Brown-Forsythe test; P , 0.001; Friedman test; v 2 ¼ 11.47; P , 0.05) whereas differences in exposure time did not (ANOVA; F ¼ 0.77; P . 0.05; Friedman test; v 2 ¼ 5.20; P . 0.05). Oxygen consumption increased significantly only at 0 ppt ( Fig. 2 ; Tukey HSD method; P , 0.05), compared with 20 ppt (control). All other means were not significantly different. Ammonia excretion was remarkably high at 0 ppt ( Fig. 3 ; Scheffe's method; P , 0.05).
Hemolymph osmolality showed fluctuation related to medium osmolality and changed significantly between 0 and 30 ppt, and 0 and 40 ppt ( Fig. 4 ; Brown-Forsythe test; P . 0.05; ANOVA; F ¼ 8.26; P , 0.005, Tukey HSD method; P , 0.05), but was however maintained between 570 to 840 mmol/kg. The relationship between hemolymph and medium osmolality can best be described by the following equation:
(H: hemolymph osmolality (mmol/kg), M: medium osmolality (mmol/kg), R 2 ¼ 0.7438) The isosmotic point was determined to be 718.8 mmol/kg by linear regression, equivalent to 24.4 ppt. The difference between hemolymph osmolality and medium osmolality (D OP ) showed related changes at each salinity. It was lowest at 20 ppt and 30 ppt, and significantly highest at 0 ppt (Table 1) . Fig. 1 . Experimental apparatus based on an overflow system used for determination of oxygen consumption and ammonia excretion determination. Animals were placed in the chamber, and water from the inlet and outlet points of the chamber was collected for water analysis. A reference chamber consisted of the same system without animals. 
DISCUSSION
Oxygen consumption has been regarded as an important physiological indicator (Cech, 1990; Takashima et al., 1996; Li et al., 2007) . It is known that respiration increases not only as a result of activity level but also due to environmental stresses, including salinity. Under stressful osmotic environments, it is often assumed that more or less osmotic work is required to maintain the osmotic pressure of the body fluids (Chen and Lin, 1994) . The increase observed in the salinity level of 0 ppt in the present study indicates that H. takanoi expends increased metabolic effort to osmoregulate in freshwater compared to brackish or seawater.
In this study, ammonia excretion showed fluctuations related to salinity. It is known that decapod crustaceans excrete ammonia inversely correlated with medium osmolality (Chen and Lai, 1993; Lee and Chen, 2003) . It is assumed that decapod crustaceans catabolize proteins or amino acids in their tissues and ingested feeds to provide both energy and osmolytes for purposes of osmoregulation. Free amino acids probably play an important role in maintaining decreased Na þ and K þ levels in the body fluid (Chen et al., 1994; Lemos et al., 2001; Setiarto et al., 2004) . The increase in ammonia excretion was remarkably high at the salinity level of 0 ppt. This conspicuous increase implies that similar to the results of oxygen consumption in this study, H. takanoi exerts more effort in terms of nitrogenous metabolism in order to adapt to freshwater.
Although the experiments were performed under a wide range of salinity from 0 ppt to 40 ppt, hemolymph osmolality showed a smaller range of fluctuation against medium osmolality compared to other crustacean species, and was maintained between 570 to 840 mmol/kg. The isosmotic point and the difference between hemolymph and medium osmolality (D OP ) is correlated with the capacity of osmoregulation (Lignot et al., 2000) . It is often assumed that osmotic work is the lowest at the isosmotic point, and becomes higher at the salinity further from the isosmotic point. It was observed that both oxygen consumption and D OP were significantly highest at the salinity level of 0 ppt. These results imply that the salinity level of 0 ppt is nearly out of the range of capacity to osmoregulate, and also support the postulate that H. takanoi requires much greater osmotic effort in freshwater.
Our study indicates that wide-ranging abrupt changes in salinity are not stressful to H. takanoi unless environmental salinity is reduced to freshwater levels. This is considered to be of advantage in the process of invasion. Because this study was designed to assess short-term responses to salinity levels, the information on long-term responses is also required in order to shed further light on the importance of salinity in invasion. In addition, the relationship between physiological response and other environmental factors are still unclear. Further studies are needed to investigate the factors promoting survival ability during invasion in H. takanoi. 
